Background: The worldwide diversity of dietary intakes of nҀ6 and nҀ3 fatty acids influences tissue compositions of nҀ3 longchain fatty acids (LCFAs: eicosapentaenoic, docosapentaenoic, and docosahexaenoic acids) and risks of cardiovascular and mental illnesses. Objective: We aimed to estimate healthy dietary allowances for nҀ3 LCFAs that would meet the nutrient requirements of 97-98% of the population. Design: Deficiency in nҀ3 LCFAs was defined as attributable risk from 13 morbidity and mortality outcomes, including all causes, coronary heart disease, stroke, cardiovascular disease, homicide, bipolar disorder, and major and postpartum depressions. Dietary availability of nҀ3 LCFAs from commodities for 38 countries and tissue composition data were correlated by best fit to each illness in deficiency risk models. Results: The potential attributable burden of disease ranged from 20.8% (all-cause mortality in men) to 99.9% (bipolar disorder). nҀ3 LCFA intake for Japan (0.37% of energy, or 750 mg/d) met criteria for uniformly protecting 98% of the populations worldwide. nҀ3 LCFA intakes needed to meet a tissue target representative of Japan (60% nҀ3 in LCFA) ranged from 278 mg/d (Philippines, with intakes of 0.8% of energy as linoleate, 0.08% of energy as ␣-linolenate, and 0.06% of energy as arachidonic acid) to 3667 mg/d (United States, with 8.91% of energy as linoleate, 1.06% of energy as ␣linolenate, and 0.08% of energy as arachidonic acid). Conclusions: With caveats inherent for ecologic, nutrient disappearance analyses, a healthy dietary allowance for nҀ3 LCFAs for current US diets was estimated at 3.5 g/d for a 2000-kcal diet. This allowance for nҀ3 LCFAs can likely be reduced to one-tenth of that amount by consuming fewer nҀ6 fats.
INTRODUCTION
The charge of this conference was to consider factors relevant to estimating healthy intakes of the nҀ3 long-chain fatty acids (LCFAs) with special consideration of the role of the 18-carbon fatty acids ␣-linolenate (␣-LNA) and linoleate (LA), which are precursors for the nҀ3 LCFAs and the nҀ6 LCFAs [predominantly arachidonic acid (AA)], respectively. nҀ3 LCFAs are 20and 22-carbon fatty acids, operationally defined here as the sum of eicosapentaenoic acid (20:5nҀ3, or EPA), docosapentaenoic acid (22:5nҀ3, or DPA), and docosahexaenoic acid (226:nҀ3, or DHA). In recent years, nҀ3 LCFAs have been specifically recommended for the secondary prevention of cardiovascular disease (1) and are the focus of considerable attention for the prevention and treatment of disorders with an inflammatory component, including type 2 diabetes, irritable bowel syndrome, macular degeneration, rheumatoid arthritis, asthma, several cancers, and psychiatric disorders (2) (3) (4) (5) (6) (7) (8) . These illnesses represent significant burdens of disease around the world.
The process of determining a recommendation is too complex to be considered here, but 3 criteria served as useful endpoints in estimating healthy intakes: the percentage of the population protected, the reduction in chronic disease, and the consideration of tissue compositions. For example, a Recommended Dietary Allowance functions as a subgroup of the Dietary Reference Intake and is defined as the "average daily nutrient intake level sufficient to meet the nutrient requirement of nearly all (97-98%) healthy individuals in a particular life stage and sex group" (9, 10) . In the past, the idea of a "nutrient requirement" was linked to the concept of "essentiality," and dietary allowances were developed with the goal of preventing signs or symptoms of deficiency. In the relatively new guidelines for Dietary Reference Intakes, the Institute of Medicine requires that "reduction in the risk of chronic degenerative disease [be] included in the formulation of the recommendation rather than just the absence of signs of deficiency" (9, 10) . To meet the definition for reducing chronic diseases, the nutrient requirement for nҀ3 LCFAs was characterized as decreasing the risk of morbidity and mortality for nҀ3 LCFA-related chronic illnesses rather than simply preventing scaly dermatitis or skin atrophy, as is the case for LA. This analysis focuses on cardiovascular disease mortality and the prevalence of mental illness in our estimation of healthy dietary intakes of nҀ3 LCFAs for 3 reasons. First, recent reviews of evidence-based medicine link deficient intakes of nҀ3 LCFAs with increased risk of cardiovascular disease and stroke (2) (3) (4) (5) (6) (7) (8) , and a compelling, but still emerging body of data indicates efficacy in psychiatric illnesses. Second, comparable data are available regarding current human diversity of both apparent dietary intakes (11) and risks of morbidity and mortality for use in international ecologic analyses. Mortality data were available from a single source, World Health Organization age-adjusted surveillance data (12) , and for each psychiatric illness, morbidity or mortality data were available from prior publications by one of the authors (JRH) (13) (14) (15) (16) . Third, mechanistic links between nҀ3 LCFA deficiencies and increased risks of illness are biologically plausible (13, 14) .
Dose-response deficiency models were constructed for our analysis by using ecologic data from 38 countries with a target of identifying a representative population with a reduction of 98% in all risks potentially attributable to deficient intakes of nҀ3 LCFAs. However, tissue compositions of nҀ3 LCFAs are closer determinants of risk than are unadjusted dietary intakes. World diversity of tissue LCFA composition predicts world diversity of cardiovascular mortality (17) . Concurrent intakes of ␣-LNA, the precursor for nҀ3 LCFAs, and of the nҀ6 fatty acids LA and AA were considered, because these essential fatty acids all influence tissue proportions of nҀ3 fatty acids in LCFAs (18 -21) .
MATERIALS AND METHODS

Ecologic dose-response models
Commodities data for the domestic supply of foods available for human consumption, or disappearance data, expressed as metric tons · capita Ҁ1 · d Ҁ1 , were available for 1995 for 38 countries from the statistical services of the Food and Agriculture Organization (FAO-STAT) of the World Health Organization (11). FAO-STAT categories included poultry meats, pig meats, eggs, bovine meats, goat and mutton, crustaceans, demersal fish, freshwater fish, marine fish, pelagic fish, mollusks, coconut oil, cottonseed oil, groundnut, maize germ oil, olive oil, palm oil, palm kernel oil, rape or mustard oil, rice bran oil, sesame oil, soybean oil, and sunflower oil. These food categories were chosen because the aggregate of meat, eggs, and seafood has been shown to account for 97% of all nҀ3 LCFA dietary intake, and seed oils are the dominant sources of LA and ␣-LNA (22, 23) .
The essential fatty acid compositions of foods representative of each commodities category ( Table 1) were estimated from the US Department of Agriculture food-composition database version 17 (24) , except for several commodities with reported nҀ3 LCFA composition values for specific foods that better represented the world diversity of food composition (25) (26) (27) . Disappearance data for each food category were then converted to gross availability, or "available intake," for each essential fatty acid in each commodity category by using our estimated food source composition values (eg, mg nҀ3 LCFA/100 g food source). The disappearance of the total milligram quantities of each fatty acid was summed from all commodities and then converted to energy (9 kcal/g). The contribution of each fatty acid was expressed as a percentage of energy available from disappearance of total calories from all commodities to adjust for differences between disappearance and actual consumption. In Table 1 , estimations for pig, bovine, goat and mutton, and poultry were calculated by using weighted averages of shown food samples to derive the fatty acid composition of meat with equal parts untrimmed cuts and lean-portion-only cuts. Poultry meats were the average of 4 poultry samples. Pig meats were the average of pork loin without fat from 2 sources and composite pork with fat (weighted twice). nҀ3 LCFAs for bovine meats were estimated as the average of 6 lean samples and 1 US Department of Agriculture sample including fat (weighted 6 times). Goat and mutton was the average of lamb food samples plus the average of goat food samples divided by 2. Freshwater fish was the average of freshwater bass (weighted twice) and rainbow trout. Demersal fish was the average of flatfish and halibut. Pelagic fish was the average of tuna, salmon, cod, and pollock. Marine fish (other) was an average of the derived values for mollusks, crustaceans, pelagic, demersal, and freshwater fish. These estimations assumed uniform discrepancies between nutrients available for dietary intake and actual ingestion for all foods, ie. the waste of meat or fat calories due to spoilage, trimming, discarding, or other causes was similar for seed oils, seafood, and other foods.
Age-adjusted mortality due to cardiovascular disease, coronary heart disease (CHD), stroke, and all-cause mortality for both men and women for 1995, or the closest available year, from World Health Organization annual mortality data were used (12, 28) . Previously published rates of homicide mortality (14) and prevalence rates of postpartum depression (15) , major depressive disorder (13) , and bipolar disorder (16) in comparison with the seafood disappearance data were used with methods previously reported.
Statistical analysis
Twelve independent comparisons of available dietary nҀ3 LCFA percentages of energy with disease outcomes across countries were assessed for best linear and nonlinear relation by using iterative curve fitting regression analyses with SIGMA PLOT (version 8.0; SPSS Inc, Chicago, IL). Linear, exponential decay, power, and logarithmic models were each examined with positive and negative slopes. Data were examined for normality of distribution and residuals. In addition to the 12 models of dietary available intake with risk, a correlation comparing lower percentages of nҀ3 fatty acids in tissue LCFAs to greater cardiovascular mortality was generated from previously published data (19, 29) by using the following relation (17): % of nϪ3 fatty acids in LCFAs ϭ 100 Ϫ % of nϪ6 fatty acids in LCFAs (1) in which LCFA substituted for highly unsaturated fatty acids (HUFA).
Estimation of morbidity and mortality attributable to deficiencies of n؊3 LCFAs
The asymptote for each dose-response curve was operationally defined as the available intake of nҀ3 LCFAs (as a percent of energy) associated with no further decreased risk of illness. To avoid extrapolation beyond the available data, the asymptote also operationally defined the y value occurring at the intersection of the dose-response curve and the highest subpopulation mean available intake of nҀ3 LCFAs. In most cases, this corresponded 3 20 300 0 9300 0 0 0 Rice bran vegetable oil (04037) 3 33 400 0 1600 0 0 0 Sesame oil (04058) 3 41 300 0 300 0 0 0 Soybean oil (04044) 3 51 000 0 6800 0 0 0 Sunflower vegetable oil (04506) 3 65 700 0 0 0 0 0 1 NA, not available. 2 Estimations of the nҀ3 and nҀ6 fatty acid content of commodities were derived by averaging representative food sources from published foodcomposition tables.
3 Summary estimated nҀ3 LCFA compositions. 4 Domestic supply food categories and representative food sources. 5 Entries retrieved from the US Department of Agriculture National Nutrient Database for Standard Reference, Release 17, are followed by a 5-digit NDB number in parentheses. All entries were obtained from this database unless otherwise noted in Materials and Methods. Data were not adjusted for countryspecific differences in nutrient compositions of foods.
to Icelandic concentrations of 0.43% of energy as nҀ3 LCFAs, except for the major depression model, for which the furthest point was 0.374% of energy (Japan). The area below the operationally defined asymptote was regarded as the baseline rate of disease that persisted regardless of further increases in intake of nҀ3 LCFAs. Integral calculus was used to calculate all areas under the curves (Maths Helper Plus; Teachers' Choice Software, Goodna Queensland, Australia). Morbidity or mortality attributable to nҀ3 LCFA deficiency was defined as the area above the baseline rate of illness, but below the fitted curve, between available intakes of zero and maximal available intakes of nҀ3 LCFAs and also expressed as a percentage of potentially attributable disease burden.
The efficacy of 3 possible healthy allowances of nҀ3 LCFAs (0.08% of energy or 180 mg/d, 0.22% of energy or 500 mg/d, and 0.34% of energy or 750 mg/d) was assessed by using integral calculus to determine the areas between the curve and the asymptote, with each of the possible Recommended Dietary Allowances as right boundaries in 3 different scenarios (illustrated in Figure 2 by areas , ␤, and ␣). These boundary values defined the percentage of the population potentially protected from each disease outcome for each choice. Four factors (dietary availabilities of LA, ␣-LNA, AA, and EPA ѿ DPA ѿ DHA as a percent of energy) were used as input functions to estimate the percentage of nҀ3 LCFA in tissues by using a formula empirically derived from human and animal data with modified constants (19, 29) . The dietary percentage of energy of nҀ3 LCFAs needed to maintain nҀ3 LCFAs in tissue comparable with concentrations in Japan was calculated for 13 countries representing the worldwide diversity of LA in diets (which ranged from 0.89% of energy to nearly 9% of energy). Conversion of required amounts from % of energy to mg nҀ3 LCFA/d was based on a 2000-kcal/d diet.
RESULTS
Major sources of nҀ3 LCFAs were fish and seafood, whereas seed oils, eggs, poultry, and pig meat contained the greatest amount of nҀ6 fatty acids (Table 1 ). Greater nҀ3 LCFA availability was inversely related with disease rates in all 12 risk models ( Table 2 and Figure 1 ). Three-factor negative exponential equations provided the best fit for all models, except for major depression, which was a linear fit. These correlations were significant for reduced mortality from stroke for men (r ҃ Ҁ0.59, P 0.002), stroke for women (r ҃ Ҁ0.57, P 0.004), CHD for women (r ҃ Ҁ0.45, P 0.04), cardiovascular disease for men (r ҃ Ҁ0.60, P 0.002), cardiovascular disease for women (r ҃ Ҁ0.65, P 0.001), all causes for men (r ҃ Ҁ0.53, P 0.008), and all causes for women (r ҃ Ҁ0.57, P 0.004), and for reduced morbidity from postpartum depression (r ҃ Ҁ0.78, P 0.001), bipolar disorder (r ҃ Ҁ0.86, P 0.002), and homicide mortality (r ҃ Ҁ0.78, P 0.001). Additionally, there was a trend for major depression (r ҃ Ҁ0.69, P 0.15) and CHD for men (r ҃ Ҁ0.38, P 0.1). Greater nҀ3 LCFAs in tissue correlated with a lower risk of cardiovascular mortality in a linear regression as previously published (r 2 ҃ Ҁ0.97, P 0.001) (17) .
After subtracting the risk below the asymptote, between 20.8% and 99.9% of disease burdens appeared to be potentially attributable to deficiencies in available intake of nҀ3 LCFAs ( Table 3) . Rates of illness in Iceland and Greenland were uniformly lower than the projected regression curves, which indicated that further protection was likely to occur with greater nҀ3 LCFA intake ( Figure 1 and Figure 2 ). Evaluation of the 3 possible choices for healthy allowances indicated that available intake at 0.08% of energy prevented enough attributable disease to protect nearly all healthy individuals in only 2 conditions (stroke mortality for men and for women). Available intake at 0.22% of energy did not protect nearly all healthy individuals for CHD mortality for men and for women, total mortality for men and for women, major depression, or bipolar disorder. Available intake at 0.34% of energy was sufficient to reduce risk for ͧ98% of the mortality and morbidity in all illness models (Table 3 ). This level of available intake corresponded with intakes common in Japan. Results of the CHD risk model with tissue composition in Figure  2 also indicate that a tissue composition of 60% of nҀ3 fatty acids in LCFA, a value common in Japan (30 -33) , may protect 98.6% of the worldwide risk of cardiovascular mortality potentially attributable to nҀ3 LCFA deficiency.
The nҀ3 LCFA intake required to maintain 60% nҀ3 fatty acids in tissue LCFAs varied 13-fold among nations depending on background essential fatty acid availability ( Table 4 ). In general, as concurrent LA availability increased, the estimated requirement for nҀ3 LCFA intake increased, although intake of ␣-LNA and AA also played a role. In recognizing that dietary intakes in Mediterranean countries result in a substantial decrease in risk of cardiovascular disease, dietary data are also presented reflecting a tissue goal of 50% nҀ3 LCFAs, which is nearer to that in Mediterranean countries (Table 4 ). For Americans consuming a 2000-kcal/d diet, 2178 mg/d (0.98% of energy) may achieve 50% nҀ3 in tissue LCFA, whereas 3667 mg/d appears necessary to reach a goal of 60% nҀ3 in LCFA. Lowering LA intake can likely decrease an individual's need for nҀ3 LCFAs by one-tenth.
DISCUSSION
There was a convergence from 13 dose-response models of nҀ3 LCFA intake and disease risk on the basis of commodities data for percent of energy as nҀ3 LCFAs (available dietary intakes) and plasma phospholipid nҀ3 LCFA composition. These models indicated that the diets and tissue compositions common in Japan meet the nutrient requirements of nearly all the healthy population. Deficiency was defined here as the increased risk of illness attributable to insufficient nҀ3 LCFA intake. In 12 of 13 independent dose-response models, three-factor negative exponential regression equations provided the best fit between lower available intakes of nҀ3 LCFAs and greater morbidity and mortality. These models allowed calculation of intakes sufficient to protect 98% of the population from risks of deficiency. Thus, healthy available intakes corresponded with tissue compositions of Ȃ60% nҀ3 fatty acids in LCFA (and 40% nҀ6 fatty acids in LCFA), which has been shown to be associated with low cardiovascular mortality in the Japanese population (30 -33) .
Japan is a modern industrialized society with a large population and well-documented rates of illnesses and nutrient intakes. Low rates of cardiovascular disease have been consistently reported in Japan, despite high rates of smoking and high blood pressure (34, 35) . Thus, we had reasonable confidence in targeting Japanese nҀ3 LCFA composition as a reliable endpoint. However, because dietary intakes of nҀ3 LCFAs are not the sole determinants of tissue nҀ3 LCFAs, we also considered background intakes of 18-carbon nҀ3 and nҀ6 fatty acids and of AA when estimating the dietary intakes of nҀ3 LCFAs needed to achieve tissue compositions of 60% nҀ3 LCFAs. We note that the burden of potentially attributable risk for bipolar disorder appears to be unrealistically high (99.9%; see Table 3 ) on the basis of the regression equation generated from data in an original publication (16) . Subsequently, additional data reporting a low annual prevalence rate of bipolar disorder in Japan (0.1%) were published (36) . Inclusion of these new data did virtually nothing to alter the regression equation or the percentage of potentially attributable disease, which gives greater confidence in this finding. Nonetheless, bipolar disorder is likely due to a multitude of factors, and it is unlikely that 99.9% of bipolar illness is attributable to nҀ3 LCFA deficiency. To our knowledge, rates of bipolar disorder in Iceland and among Inuits have not been published.
Current recommendations for nҀ3 LCFA intake are not specified by the Institute of Medicine (10), but have been estimated at 130 -260 mg/d (37) . Other recommendations range from 200 mg/d in the Netherlands (37) to the American Heart Association's recommendation of 1 g/d for persons with documented CHD (1). 1 . Scattergrams by country and best-fit regression curves for ecologic dose-response relations between dietary nҀ3 long-chain fatty acids (LCFAs) and mortality and morbidity outcomes (see Materials and Methods). The dose-response equation was derived by best-fit regression. The asymptote was operationally defined as the nҀ3 LCFA intake at which disease risk was no longer reduced without projecting past available data. Burden of potentially attributable risk was defined as the ratio of the area above the asymptote over the total area. Population size and differences in age distributions were adjusted for by using the rate of illness (per 100 000) age-adjusted to the European standard distribution. CVD, cardiovascular disease; CHD, coronary heart disease.
According to the analysis presented here, these recommendations are inadequate to meet the criteria of a Recommended Dietary Allowance for US and world populations. One exception is the International Society for the Study of Fatty Acids and Lipids recommendation of 500 mg/d, which also includes an adequate intake of LA at 2% of energy and a healthy intake of ␣-LNA of 0.7% of energy. With the use of an empirical formula (19) , this combination translates into a tissue composition of 53% nҀ3 fatty acids in LCFAs (29, 38) . Concurrent dietary intakes of LA, ␣-LNA, AA, EPA, and DHA should be considered in predicting final tissue proportions of nҀ3 fatty acids in LCFAs (19) . Thus, a healthy dietary allowance for nҀ3 LCFA intake must be made dependent on concurrent intakes of LA, ␣-LNA, and AA. A healthy dietary allowance of 3.5 g EPA ѿ DHA/d, which is based on the current per capita background available intake of nҀ6 fatty acids and ␣-LNA in the United States, could be reduced to one-tenth of that amount if the intake of nҀ6 fatty acids, in particular LA, can be lowered to 2% of energy.
A related biomarker of nҀ3 intake and predicted risk is the omega-3 index (red blood cell EPA ѿ DHA as a percentage of total red blood cell lipids) proposed by Harris and von Schacky (39) , for which values 8% are associated with greater decreases in cardiovascular disease risk. This target was based on trials conducted primarily in the United States and does not reflect the worldwide diversity of nҀ3 and nҀ6 intakes. In fact, nҀ6 intake was not considered. For comparison, 60% nҀ3 fatty acids in LCFAs in tissue is associated with an omega-3 index of Ȃ12-15%, as seen in Japan. The biomarker target and the target proposed here may seem excessive in comparison with current US dietary habits and other recommendations. However, this allowance can also be regarded as conservative because morbidity and mortality rates for nearly all diseases are even lower for Iceland and Greenland, populations with greater intakes of nҀ3 LCFAs than in Japan. These countries fell below the dose-response curves generated by the regression analyses, which indicates that greater protection was achieved than was predicted (see Figures  1 and 2) .
The approach to determining healthy dietary allowances for nҀ3 LCFAs described here has several unique aspects. To our knowledge, this is the first attempt to set an allowance for nҀ3 LCFAs that adheres to criteria of meeting the nutrient requirements of nearly all the healthy population. nҀ3 LCFA deficiency was defined as an increased risk of chronic diseases for which substantial efficacy data exist and for which these nutrients reduce pathophysiologic mechanisms. This ecologic approach took advantage of uniform disappearance data estimating dietary available intakes, compared with direct survey data, which were not available or uniform for every country. The worldwide diversity of available intake of essential fatty acids was also compared with the worldwide diversity of disease burdens to estimate dose-response relations. One additional strength is that both the total nҀ3 and nҀ6 dietary availability and resulting tissue profiles from different countries were taken into consideration when determining possible allowances.
There are several obvious weaknesses inherent in comparing countries in these cross-sectional ecologic analyses. These include the lack of adjustment for potential confounding variables; variations in actual compositions of foods; waste that makes food disappearance not equal to intake; differences in diagnostic classifications, especially for psychiatric disorders; and differences in qualities of data collection. The assumption of a uniform composition of meats, eggs, and other food sources across countries is likely confounded by diverse amounts of nҀ3 LCFAs available to domestic animals; for example, soybean-and cornfed animals are likely to have very different fatty acid proportions than do grass-fed animals. Thus, the data are not adjusted for country-specific differences in the nutrient compositions of foods. Although intakes are normally expressed specifically for each of 16 life-stage categories, the data necessary to make such 1 CHD, coronary heart disease; CVD, cardiovascular disease. 2 Protection from deficiency was calculated for each possible dietary intake as illustrated in Figure 2 and was repeated for each disease risk relation illustrated in Figure 1 .
3 Percentage of the population disease potentially attributable to deficiency of nҀ3 LCFAs as illustrated in Figure 2 , top panel. 4 Based on a 2000-kcal/d diet. 5 These burdens of potentially attributable disease appear high; see Discussion.
inferences were not available in this analysis. The prevalence rates of major depression and CHD were not significantly associated with the disappearance data and thus their contribution should be considered cautiously. Estimation of a healthy intake would preferably have been done with outcome data from largescale longitudinal intervention trials that each used multiple dose comparisons; assessed several disease outcomes, including cardiovascular and psychiatric morbidity; and monitored tissue It seems likely that a combination of EPA and DHA reflecting nature may be optimally used in dietary supplementation to meet nҀ3 LCFA intake goals. A major source of dietary nҀ3 LCFA in our calculations was seafood containing both EPA and DHA in an average ratio of 1:2.3, as calculated from data presented here. High intakes of nҀ3 LCFAs may be associated with an increased risk of hemorrhagic stroke (31) , but this risk may be offset by a decrease in thrombotic stroke and overall stoke mortality. A review of the literature on mental health outcomes shows supplementation with a combination of both EPA and DHA likely to be more effective than use of either alone (40 -45) . Reports of 50% reductions in depressive symptoms and 37% reductions in felony-level violence (46) in interventional trials are consistent with the large potentially attributable burdens of disease reported in Table 3 . However, effect sizes in interventional trials are difficult to compare with these ecologic data, which reflect prenatal and lifetime dietary exposures. In contrast, most intervention trials have, understandably, been conducted over comparatively short periods of time.
This work focuses directly on estimates of the 20-and 22carbon varieties of nҀ3 and nҀ6 essential fatty acids available in membranes, because these are the precursors for the eicosanoids that mediate inflammatory and thrombotic tissue responses (17, 47, 48) . The biological availability and activity of nҀ6 LCFAs, in particular AA, are inversely related to nҀ3 fatty acids in tissue LCFAs. Greater compositions of EPA, DPA, and DHA in membranes competitively lower the availability of AA for the production of eicosanoids (17, 47, 48) . The prevention of the formation of nҀ6 eicosanoids derived from AA with medications, including cox-2 inhibitors, ibuprofen, acetaminophen, and aspirin, constitutes a substantial proportion of pharmaceutical industry activity. The available tissue composition of AA can be lowered by reducing dietary intakes of the 18-carbon precursor, LA. Conversely, it has been known since the early 1960s that greater dietary intakes of LA increase tissue concentrations of AA, while reducing tissue concentrations of EPA and DHA (20, 49 -51) . Greater direct intake of preformed EPA and DHA most directly influences greater tissue compositions in comparison with conversion from ␣-LNA to EPA and DHA, which is poor in humans (21) . Thus, recommendations for essential fatty acid intakes focusing only on the 18-carbon fatty acids are subject to substantial variance in tissue proportions of nҀ3 and nҀ6 fatty acids in 1 The target of 60% nҀ3 fatty acids in tissue LCFAs is illustrated in the bottom panel of Figure 2 and is representative of dietary intakes of Japan, which appear to protect 98% of populations from disease risks (top panel of Figure 2 and all panels of Figure 1 ). LA, linoleic acid; LNA, ␣-linolenic acid; AA, arachidonic acid. The target of 50% is presented as an alternative target. LCFAs. It is likely that the success and failure of different clinical trials using similar doses of nҀ3 LCFAs were influenced by differing background intakes of the nҀ6 fatty acids LA and AA. For example, in the case of the Lyon Diet Heart Study (52) , the positive outcomes attributed to ␣-LNA may be related, in part, to a lower nҀ6 fatty acid intake, which would enhance conversion of ␣-LNA to nҀ3 LCFAs (49, 53) . Although LA has been associated with positive health outcomes, including reduced risk of ischemic stroke (54), we are aware of no intervention trials in which LA was actively increased in humans and cardiovascular or psychiatric disease outcomes were measured.
In contrast with considering nҀ3 fatty acids as a pharmaceutical treatment, Crawford, Cordain, Simolopous, and others (55) (56) (57) have advanced the concept of population-wide deficiencies of nҀ3 LCFAs in modern societies that rely on industrialized agriculture. Those authors cited, in part, that diets during the 4 -5 million years of hominid evolution were likely abundant in seafood and other sources of nҀ3 LCFAs but had sparingly little contribution of calories from nҀ6-rich seed oils. In stark contrast, at the turn of the recent millennium, a single food source, soybean oil, appears to deliver 20% of all calories in the median US diet, with Ȃ9% of all calories from linoleic acid alone (58) . To our knowledge, inadequate information is available to determine whether it is safe or unsafe to consume 9% of all calories as LA, a precursor to the proinflammatory arachidonic acid. One ecologic study indicated that greater intakes of LA from 1960 to 1999 in each of 5 countries predicted a 100-fold greater risk of homicide mortality (59) . The increases in world LA consumption over the past century may be considered a very large uncontrolled experiment that may have contributed to increased societal burdens of aggression, depression, and cardiovascular mortality. Conversely, actively lowering LA intake must be carefully considered because of the large potential effects on agricultural economies. Alternative soybean variants or other sources of seed oils could be used to reduce LA intakes to levels currently seen in countries such as the Philippines, resulting in up to one-tenth lower estimated allowances for nҀ3 LCFAs as a percentage of energy. The limited worldwide fisheries and aquaculture production would be more likely to be able to meet world needs. Because LA constitutes such a large percent of calories in the US diet, it seems prudent to conduct large-scale intervention trials to determine whether lowering intakes can reduce cardiovascular risk and psychiatric morbidity. Increasing tissue concentrations of nҀ3 LCFAs on a population level may result in a substantial decrease in health care costs by reducing the illnesses that account for the largest burden of disease worldwide.
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